Abstract
Introduction
The utilization of spent hens in further processing is one of the most neglected areas in the poultry industry. Spent hens are the by-product of egg industry. The meat from these birds is considered to be of low in quality because of its age and relative toughness and therefore sold at a lower price than broiler meat in the market. Meat from spent hen is a good protein source, highly enriched with omega-3 fatty acids and low in cholesterol content in particular the breast muscle which has been shown to have health promoting benefits. Therefore, strategies for utilization of spent hen need to be developed to increase the value of its meat.
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Experiment I Determination of Optimum Level of Ultra Refined Papain Powder (URPP)
Based on preliminary studies conducted in the Department of Livestock Products Technology (Meat Science) with trained sensory panel with (50, 75, 100, 125, 150, 175 and 200 TU) it was concluded that 100 TU, 125 TU, and 150 TU (Tyrosine Unit) was selected for tenderization of Carcasses of spent hen.
Experiment II Effect of Application of Papain on Spent Hen by Marination in Combination with
Vacuum Tumbling
In this phase the effect of marination of spent hen carcasses in different concentrations of papain solution followed by vacuum tumbling was evaluated. Three spent hen carcasses were marinated (immersed) with 1000 ml of enzyme solutions containing three different concentrations of viz.100 TU, 125 TU and 150TU in a sterile plastic container. One carcass was marinated in 1000 ml of distilled water and was kept as control. All the marinated samples were stored at refrigerated temperature (4±1˚C) for a period of 2 hours.
In all the treatment, after marination for 30 and 120 minutes, the carcasses were vacuum tumbled (20 psi) at a speed of 8rpm for 15 minutes and samples were drawn for analysis of pH, shear force value, myofibrillar fragmentation index, total protein, collagen content and collagen solubility.
Materials and Methods pH
The pH of the chicken meat samples marinated and injected with papain was measured using a digital pH meter (Digisun Electronic System, Model: 2001). The shear force values were assessed following the standardized protocol of Wheeler et al. (1996) . Fragmentation index values were determined by the procedure of Davis et al. (1980) . Protein solubility was determined according to procedure of Joo et al. (1999) . Sarcoplasmic proteins were extracted from 2 g sample using 20 ml of ice-cold 0.025 M potassium phosphate buffer (pH 7.2). The samples were homogenized using Homogenizer (SILVER SON Machine LTD., England) and kept overnight at 4 °C with frequent shaking. Samples were centrifuged at 4000 rpm for 20 minutes and concentration of protein in the supernatant was determined by the Biuret method.
Collagen content was determined using hydroxyproline assay for determination of the amino acid hydroxyproline as described by Neuman and Logan (1950) with slight modifications as suggested by Naveena et al. (2004) . Collagen solubility was determined by method described by Mahendrakar et al. (1989) .The sensory evaluation of cooked chicken meat samples were assessed by a trained and semi- 
Results and Discussion pH
Higher (P<0.01) pH values were observed in papain treated spent hen meat and in marination time followed by vacuum tumbling compared to control. Spent hen thigh showed significantly higher pH values than breast. The higher pH value in this experiment reveals that tumbling causes more uniform distribution of papain there by resulting in increase in pH. Babji et al. (1982) reported that the process of tumbling seemed to produce meat with a slightly higher pH and tumbled meat had significantly higher pH values as compared to non tumbled meat. Similar findings were reported by Lengkey et al. (2014) who observed an increase in pH in spent hen meat as the marination time was increased. 
Myofibrillar Fragmentation Index
MFI is linked to meat tenderness and is used as a method to estimate the degree of tenderness (Taylor et al., 1995) .The myofibrillar fragmentation index was significantly (P<0.01) reduced in all enzyme-treated samples compared to control. Spent hen breast meat showed significantly lower myofibrillar fragmentation index than thigh. Pearson and Tauber (1984) stated that tumbling was known to improve brine penetration and distribution and also induces mechanical damage to the myofibrillar integrity thereby improving tenderness. In addition myofibrillar fragment index depends on ageing, species and process of blending according to (Dosler et al., 2007) .
Protein Solubility
Myofibrillar proteins hydrolysis is considered to be a key factor in determining the meat tenderness ( 
Collagen Solubility
The highest collagen solubility was observed in the thigh treated with 150 TU of papain for a period of 
Sensory Evaluation
The spent hen meat treated with different concentrations of papain presented in Table 2 . 
Conclusion
Based on the results of physico-chemical and sensory characteristics, it was observed that the optimum concentration of papain and marination in combination with vacuum tumbling for tenderization of spent hen breast was 100 TU for 30 minutes marination time plus 15 minutes vacuum tumbling and that for spent hen thigh was 125 TU for the same period of time mentioned above. This method of marinating poultry meat will provide an opportunity to the food processing plant to market ready-to-cook product.
